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ABSTRACT. F o r  determinat ion of  s p a t i a l  coo rd ina te s  o f  
Noc t i lucen t  Clouds, measurements of c loud d e t a i l s  and 
of  r e f e r e n c e  stars i n  each photograph have been made 
by means of a measuring microscope. For a l l  reduc- 
t i o n s  a c a l c u l a t i o n  programme w a s  compiled fo r  t h e  
Latv ian  State  Univers i ty  e l e c t r o n i c  computer BESM-2M. 
F i r s t  r e s u l t s  o f  t h e s e  c a l c u l a t i o n s  are given i n  t h i s  
a r t ic le .  

Table 1 c o n t a i n s  da ta  of  measurements of Nocti- 
l u c e n t  Clouds which appeared a t  n i g h t  of t h e  30.6/1.7. 
1961.  The f i r s t  column c o n t a i n s  number of  t h e  p a i r  o f  
photographs and moment of expos i ton ;  t h e  second column - 
number of t h e  measured d e t a i l ;  t h e  t h i r d ,  f o u r t h  and 
f i f t h  r e s p e c t i v e l y  -- t h e  h e i g h t  of d e t a i l  i n  km, i t s  
geographic l a t i t u d e  and long i tude .  

I n  t a b l e  2 v e l o c i t y  and d i r e c t i o n  of  movement o f  
t h e  Noc t i lucen t  Clouds a r e  given.  The f i r s t  column 
c o n t a i n s  number of measured d e t a i l ,  t h e  second and 
t h i r d  - t h e  h o r i z o n t a l  and v e r t i c a l  v e l o c i t i e s  and t h e  
f o u r t h  column - azimuth o f  d i r e c t i o n  of t h e  movement. 

Tables  3 and 4 con ta in  measurement r e s u l t s  of  
Noc t i lucen t  Cloud photographs on 30.6/1.7.1964. I n  
t a b l e  5 v e l o c i t i e s  of clouds of t h e  n i g h t  14/15.6.1959 
are given. 

The h o r i z o n t a l  v e l o c i t i e s  o f  s o m e  of  measured de ta i l s  
are very g r e a t  - up t o  170 m / s e c .  The i r  movement i s  
d i r e c t e d  i n  m o s t  cases t o  t h e  South-West. The v e l o c i t i e s  
of t h e  v e r t i c a l  movements are a l s o  very d i f f e r e n t .  I n  
some cases they  reach  20 m / s e c  and m o r e .  

[Abs t r ac t  t aken  from t h e  o r i g i n a l  t e x t . ]  

The s tudy  of  n o c t i l u c e n t  c louds  i s  o f  g r e a t  s i g n i f i c a n c e  /47* - 
f o r  t h e  i n v e s t i g a t i o n  of t h e  upper l a y e r s  of  t h e  atmosphere. 
On t h e  b a s i s  of a l t i t u d e  de te rmina t ion  and geographica l  co- 
o r d i n a t e s  of n o c t i l u c e n t  c louds,  as w e l l  as v e l o c i t y  and 
d i r e c t i o n  of t h e i r  movement, conc lus ions  can be drawn about  
*) Numbers i n  margin indicate pagination of foreign text. 1 
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t h e  k inemat ics  of t h e  upper l a y e r s  of t h e  s t r a t o s p h e r e  and 
about p h y s i c a l  cond i t ions  a t  corresponding a l t i t u d e s .  

The s p a t i a l  coord ina tes  of  n o c t i l u c e n t  c louds  can be  
determined by means of simultaneous photographs,  t aken  from 
t w o  o r  more obse rva t ion  po in t s .  Beginning i n  1 9 5 8  i n  t h e  
Latv ian  s e c t i o n  of  t h e  All-Union Astronomical-Geodetic 
Soc ie ty ,  and i n  r e c e n t  years  a t  t h e  Astronomical Observatory 
of t h e  Latv ian  State Univers i ty ,  a l a r g e  number o f  b a s e  
photographs of  n o c t i l u c e n t  clouds s u i t a b l e  f o r  p rocess ing  
w e r e  ob ta ined .  

A s i m p l i f i e d  method was used t o  determine t h e  s p a t i a l  
coo rd ina te s  of n o c t i l u c e n t  clouds.  S i m p l i f i c a t i o n  w a s  a t -  
t a i n e d  i n  t h e  main as a r e s u l t  of i n t r o d u c t i o n  of  r e c t a n g u l a r  
e q u a t o r i a l  coo rd ina te s .  

A l a r g e  amount of  observa t ion  material must be  processed  
t o  s tudy  t h e  k inemat ics  o f  n o c t i l u c e n t  c louds .  I n  t h i s  con- 
n e c t i o n ,  a program w a s  se t  up f o r  c a l c u l a t i n g  t h e  coord ina te s  
of n o c t i l u c e n t  c louds on the  e l e c t r o n i c  c a l c u l a t i n g  machine 
BESM-2. A d e t a i l e d  d e s c r i p t i o n  of t h e  method and program, 
a s  w e l l  as t h e  f i r s t  r e s u l t s ,  are given i n  a r t ic le  [l]. 
The p r e s e n t  a r t i c l e  g i v e s  t h e  r e s u l t s  of  f u r t h e r  s tudy  of  
t h e  obse rva t ion  mater ia l .  Vertical and h o r i z o n t a l  ve loc i t ies ,  
a s  w e l l  as d i r e c t i o n  of t h e i r  movement, are g iven  f o r  some 
n o c t i l u c e n t  c loud d e t a i l s  which can be observed on a t  l eas t  
t w o  p a i r s  of  s imultaneous photographs. The t a b l e s  wi th  t h e  
r e s u l t s  a r e  a t  t h e  end of t h i s  a r t i c l e .  

Three p a i r s  of  photographs, taken on t h e  n i g h t  of  June 
3O/July 1 9 6 1  a t  observation p o i n t s  i n  Riga and S igu lde ,  w e r e  
p rocessed  more thoroughly.  I n  Table 1, t h e  f irst  column 
shows t h e  number of t h e  pair of photographs (from I t o  111) 
and t h e  t i m e  a t  which exposure w a s  made (Moscow t i m e ,  decreed)  ; 
t h e  second column shows t h e  number of t h e  measured d e t a i l  of  
n o c t i l u c e n t  c loud ( i f  one  d e t a i l  w a s  measured on t w o  o r  t h r e e  
p a i r s  of  photographs,  i t s  number i s  r epea ted  a corresponding 
number of  t i m e s ) ;  t h e  t h i r d  column shows t h e  a l t i t u d e  i n  km., 
and t h e  fo l lowing  columns show t h e  geographica l  l a t i t u d e  and 
long i tude  of t h e  n o c t i l u c e n t  c loud d e t a i l ' s  p r o j e c t i o n  on to  
t h e  e a r t h ' s  s u r f a c e  i n  degrees.  

Table 2 shows t h e  v e l o c i t i e s  and t h e  d i r e c t i o n s  of  
movement of  t h e  n o c t i l u c e n t  c louds f o r  t h e  same appearances.  
A s  t h r e e  consecut ive  p a i r s  of photographs w e r e  p rocessed ,  
t h e  v e l o c i t i e s  w e r e  determined by p a i r  1-11 and p a i r  11-111 
(shown i n  t h e  upper p a r t  of t h e  t a b l e ) .  The f i r s t  column 
shows t h e  n o c t i l u c e n t  cloud d e t a i l  number ( t h e  numbers cor- 
respond t o  t h o s e  g iven  i n  t h e  previous t a b l e ) ;  t h e  second 
and t h i r d  columns show r e s p e c t i v e l y  t h e  h o r i z o n t a l  and 
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v e r t i c a l  v e l o c i t y  components (ve r t i ca l  v e l o c i t y  i s  nega t ive  
du r ing  downward movement), and t h e  f o u r t h  column shows t h e  
azimuth of t h e  d i r e c t i o n  i n  which t h e  n o c t i l u c e n t  c loud d e t a i l s  
w e r e  moving (astronomical  azimuth was measured from t h e  South 
p o i n t ) .  The same va lues  are t hen  shown f o r  photographs of  
p a i r  11-111. 

80,6 
84,O 
85,2 
87,3 
83,2 
82,G 
83,7 
83,2 
83,4 
83,O 
82,7 
83,3 
84,8 
86,3 

TABLE 1 

57,G3 
57.67 
57,73 
57,77 
57,92 
57,93 
58,04 
58,lO 
58,07 
58,13 
58.18 
58,13 
58,33 
5!3,30 

P a i r  N o . ,  be- 
g inning  of 
exposure 

I 

- 
0 9 ~ 2 0 ~ 0 0 ~  

I1 
00h22m00s 

I11 
00h25m00s 

D e t a i l  
N o .  

1 
2 
3 
4 
5 
G 
7 
8 
9 

10 
11 
13 
15 

A: 16 
*i.. 17 

18 
19 

1 
2 
3 
4 
5 

. 6  
7 
8 
9 

10 
11 
12 
13 
14 

6 
7 

' 8  
9 

10 
11 
12 
13 
14 
20 
21 

A l t i t u d e  

82,7 
80,7 
83,9 
85,2 
81,l 
82,7 
83,5 
82,G 
82,6 
80,O 
83,2 
82,9 ' 

83,4 
87,l 
83,O 
81,9 
81.0 

57:67 
57,G7 
57,77 
57,78 
57,94 
58,05 
58,lO 
58,14 
53.12 
58.16 
58,25 
58,42 
57,98 
58,OO 
58,OO 
57,68 
57,73 

84,l 
82,8 
83,O 
82,7 
81,4 
81 ,I 
82,9 
81,2 
81,l 
8?,4 
8G,l 

57,92 
57,9/t 
58,02 
57,117 
58.03. 
58,08 
58,lO 
55,1r, 
58,19 
57, (iD 
57,G.l 

Longitude 

20:55 
20,74 
20,49 
20,51 
2@,92 
20,75 
20,GG 
20, GO 
20,G3 
20,60 
20,36 
20,10 
19,50 
19,21 
19,5G 
20,51 
20,52 

20,67 
20,G2 
20,47 
20,45 
20,78 
20,68 
20,59 
20,51 
20,5/t 
20,44 
20,32 
20,34 
20,03 
19.92 

20,ciD 
2@,52 
20,39 
2@,47 
30,40 
20,28 
20,23 
20.14 
2j,11 
20,93 
20,73 3 



TABLE 2 

1-11 
/49 

11-111 

No. ve loc . jve loc .  ' Azi- 1 veloc. 
m / s e c  i m / s e c  muth I m/sec 

I ! 

1 i2kiO ' - 1 7 f i 0  306" 
2 30 $28 92 
3 32 +I1 19 
4 
.I 70 +I8 71 
t i  GG -1 28 73 
1 62 $1 36 70 
S G2 +5 44 55 
n 65 +6 43 69 

10 85 +24 64 60 
1 1  66 -4 17 GO 
12 58 
1 .I 92 $15 23 110 
t i  44 

31 +I7 71 

.. 

Observat ion d a t a  f o r  t h e  1 9 6 4  season are i n  course  of  
be ing  processed.  Tables 3 and 4 g i v e  s o m e  r e s u l t s  of s p a t i a l  
coo rd ina te  de te rmina t ion  and of t h e  v e l o c i t i e s  of t h e  n o c t i -  
l u c e n t  c loud d e t a i l  f o r  t h e  appearance on June 3O/July 1, 
1 9 6 4 .  These t a b l e s  are s i m i l a r  t o  Tables 1 and 2 .  

ve loc .  Azi- 
m / s e c  muth - 

t 

. $8 59" 
-5 28 
-1 28 
-4 28 
-9 14 
-9 13 
-2 41 

-20 341 
-28 334 

Table 5 g ives  t h e  v e l o c i t y  va lues  f o r  seven d e t a i l s  
of a n o c t i l u c e n t  c loud appearance on J u l y  1 4 / 1 5 ,  1 9 6 1 .  
R e s u l t s  of t h e  c a l c u l a t i o n s  f o r  t h e  a l t i t u d e  and t h e  geogra- 
h i c a l  coo rd ina te s  f o r  68 p o i n t s  of n o c t i l u c e n t  c loud d e t a i l s  
i n  t h i s  appearance are given i n  a r t i c l e  [l]. 

The degree of  accuracy i n  determining t h e  s p a t i a l  co- 
o r d i n a t e s  of n o c t i l u c e n t  clouds depends on many f a c t o r s :  - /50 
on t h e  l e n g t h  of  exposure,  on t h e  type  of n o c t i l u c e n t  c loud  
d e t a i l ,  and on t h e  v e l o c i t y  of  i t s  motion. 

On t h e  average,  t h e  margin of error i n  de te rmining  
n o c t i l u c e n t  c loud a l t i t u d e  is + 1 km, wh i l e  f o r  t h e  v e l o c i t y  
of t h e i r  movement, i n  cases where photographs are taken  a t  
two-minute i n t e r v a l s ,  t h e  degree of accuracy can be e s t ima ted  
t o  be 2 1 0  m / s e c .  

The diagrams i n  t h e  drawing show t h e  d i s t r i b u t i o n  of a 
number of n o c t i l u c e n t  c loud p o i n t s  a long  t h e  a l t i t u d e  h - f o r  
t h e  examined appearances of 1959, 1 9 6 1 ,  and 1 9 6 4 .  

/51 approximately a t  an a l t i t u d e  of 82-84 km. Note t h e  wide - The m a x i m u m  number of p o i n t s  i n  a l l  cases i s  found 

range  of a l t i t u d e s  a t  which formation of n o c t i l u c e n t  c louds  

4 
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, a 
A 

N b -- 
I 
1 

.I 

t 

8 r  

4 

2 

& 

D i s t r i b u t i o n  of a number of n o c t i l u c e n t  c loud p o i n t s  by 
a l t i t u d e  h.  - 

a - i n  1959; b - i n  1 9 6 1 ;  c - i n  1 9 6 4 .  - - - 

occurs  - from 75 t o  9 2  km. The average a l t i t u d e  i n  a l l  three 
cases  remains almost  cons tan t  - 83.4 km, 8 3 . 1  k m ,  and 8 2 . 9  km. 

Ce r t a in  conclusions can be drawn on t h e  b a s i s  of de t e r -  
The ho r i -  minat ion of t h e  v e l o c i t i e s  of  n o c t i l u c e n t  c louds.  

z o n t a l  v e l o c i t i e s  d i f f e r  widely,  and i n  some cases  a r e  very 
high -- a s  much a s  1 7 0  m/sec. (Table 5 ) .  The d i r e c t i o n  of 
movement of t h e  major i ty  of t h e  p o i n t s  is toward south-west 
( w i t h  t h e  except ion  of t h e  1 9 6 4  appearance,  Table  4 ) .  This 
i s  cor robora ted  by t h e  d a t a  obtained i n  experiments  [ 2 1  and 
[31. 

The v e r t i c a l  v e l o c i t i e s  a l s o  vary g r e a t l y ;  sometimes 
they  a r e  a s  high a s  20 m/sec and more; t h i s  might be caused 
by s t r o n g  t u r b u l e n t  movements i n  t h e  mesopause. 

c loud formations,  no d e f i n i t e  s ta tement  c a n  be made, because 
of t h e  inadequacy of t h e  obtained d a t a .  The g r e a t e s t  amount 
of d a t a  about  v e l o c i t i e s  was obta ined  f o r  t h e  1 9 6 1  appearance 
(Table 2 ) ;  a t  t h e  same t i m e ,  two speeds w e r e  ob ta ined  f o r  
some p o i n t s ,  w i t h  an i n t e r v a l  between t h e  exposures  of two 
and three minutes r e spec t ive ly .  Po in t s  5-14 belong t o  one 

With r ega rd  t o  t h e  displacement  of d i f f e r e n t  morphological 
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1 

I1 
02h12m009 

b r i g h t  s t r i p  of n o c t i l u c e n t  c louds ,  and t h e  v e l o c i t i e s  of 
a l l  t h e s e  p o i n t s  p r a c t i c a l l y  co inc ide  i n  magnitude and 
d i r e c t i o n .  The v e r t i c a l  v e l o c i t i e s  of t h e s e  p o i n t s  a r e  
low. Details N o .  1 3 - 1 4  are s i t u a t e d  a t  t h e  end of t h e  
s t r i p ,  where they appear  i n  t h e  form of eddies :  t h e i r  
v e r t i c a l  and h o r i z o n t a l  v e l o c i t i e s  a r e  h i g h e r .  D e t a i l s  
N o .  1 - 4  a r e  i n  smal l  combs; t h e i r  v e r t i c a l  v e l o c i t i e s  a r e  
a l s o  h igh .  

TABLE 3 

1 
2 
3 
4 

‘ 7  
8 
9 

P a i r  N O ; ,  1 
beginning / D e t a i l  

of exposure I N o .  

I11 
0 2 ~ 1 4 % ~  

. 

3 
4 
5 

. 6  

10 80,5 
11 80.8 
12 83,4 
13 83.8 

15 84.7 
16 86.4 
17 84.5 

1 4  82.3 

IV 
02h16%08 

A l t i i  

~:‘:IT/ t ude  
L a t i -  

18 
19 
20 
21 

85.4 
83.0 
81.1 
82.5 
77.5 
83.2 

87.0 
83,5 
82.9 
83,3 
81.5 

83, l  
79;8 

86.9 
87.2 
82.1 
82.0 

. I  1 

58t76 
58.57 

58.31 
58.81 
58.86 

58.38 

58.83 
58.53 
58,41 
58.33 
58.90. 
58.79 
58,21 

58,95 
58.85 
58.84’ 
58.74 
58.48 
58.42 
58,38 
58,24 

58.80 
58.70 
58,46 
58.34 
58.21 
58.14 

_-__ 

Longi- 
tude 

26t78 
26.72 
26.72 
26.74 
26.48 
26,65 

26.83 
26,78 
26.81 
26,83 
26.62 
26,57 
26 ,80 

26,60 
26.63 
26.69 
26.78 
26.79 
26,89 
26.94 
26,88 

26,88 
26,96 , 
26,84 
26.86 
26.77 1 
26.82 

1 

* 
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TABLE 4 

Horizon- ' Verti- 
Sequence tal vel- cal vel- 

No. ocity in ocity in 
m/sec m/sec 

Azimuth 

Azimuth 

TABLE 5 

42 - -+ 5 
170 
1 3 0  
1 0 0  
110  

6 2  - + 1 0  
6 7  

-10 2 5 
-24  
-14 
-9 
-6 
10 2 10 

-67  

78O 
9 

1 7  
2 1  
26 ' 

290 
280 
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